Irreversible global DNA hypomethylation as a key step in hepatocarcinogenesis induced by dietary methyl deficiency.
Dietary methyl group deprivation is now well recognized as a model of hepatocarcinogenesis in rodents. In the present study, we examined the effects of feeding a methyl-deficient diet followed by a methyl-adequate diet on the extent of methylation of liver DNA and on the formation and evolution of altered hepatic foci. Male F344 rats were fed a methyl-deficient diet for 9, 18, 24, and 36 weeks, followed by re-feeding a methyl-adequate diet for a total of 54 weeks. Similar to previous findings, the methyl-deficient diet resulted in decreased levels of S-adenosylmethionine (SAM), SAM/SAH ratios, and global DNA hypomethylation. Feeding the methyl-adequate diet restored the liver SAM levels and SAM/SAH ratios to control levels in all experimental groups. In contrast, re-feeding the complete diet restored DNA methylation to normal level only in the group that had been fed the methyl-deficient diet for 9 weeks; in animals exposed to methyl deprivation longer, the methyl-adequate diet failed to reverse the hypomethylation of DNA. Liver tissue of rats exposed to methyl deficiency for 9, 18, 24, or 36 weeks was characterized by the persistent presence of placental isoform of glutathione-S-transferase (GSTpi)-positive lesions despite re-feeding the methyl-adequate diet. The persistence of altered hepatic foci in liver after withdrawal of methyl-deficient diet serves as an indication of the carcinogenic potential of a methyl-deficient diet. Substitution of the methyl-deficient diet with complete diet failed to prevent the expansion of initiated foci and restore DNA methylation in animals exposed to deficiency for 18, 24, or 36 weeks. The association between DNA hypomethylation and expansion of foci suggests that stable DNA hypomethylation is a promoting factor for clonal expansion of initiated cells. These results provide an experimental evidence and a mechanistic basis by which epigenetic alterations may contribute to the initiation and promotion steps of carcinogenesis.